Crithidiafasciculata cells were treated with a plasmid (pDK96) containing pBR322 sequences, a Leishmania tarentolae maxicircle autonomously replicating sequence, and the bacterial gene for aminoglycoside 3' phosphotransferase I inserted between the yeast alcohol dehydrogenase 1 promotor and terminator sequences. Resistant colonies were selected on agar plates containing paromomycin and screened for vector DNA by hybridization. Approximately 1% of the resistant colonies contained detectable vector DNA, which was present as extrachromosomal closed circular molecules ranging in copy number from 1 to 160 per cell. The plasmids could be recovered from Escherichia cofi transformed to ampicillin resistance with Crithidia total cell DNA. Most of the recovered plasmids were a deleted product of pDK96, which lacked the maxicircle autonomously replicating sequence and contained a unique fragment of Crithidia nuclear DNA present at a low copy number in the wild-type genome. The plasmid DNA in resistant Crithidia was unstable even under selective conditions and was lost within 30 cell divisions.
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The trypanosomatid protozoa represent a large class oflower eukaryotic parasitic cells that possess many advantages for the study of basic biological problems. In addition, they are of interest from the viewpoint of their adaptation to a parasitic way of life. The genomic complexity is approximately [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] times that of Escherichia coli (1) (2) (3) (4) (5) , and a small number of permanently uncondensed chromosomes can be visualized by the technique of orthogonal field agarose gel electrophoresis (6, 7) . Diploidy is indicated by an analysis of genomic DNA content and kinetic complexity (5) and also by an analysis of restriction site polymorphisms in several glycolytic genes (8) . There is some indirect evidence derived from analysis of isoenzyme patterns for the existence of a sexual phase in the life cycle of Trypanosoma brucei (9) , and there is one report of the recombination of drug-resistant markers in Crithidiafasciculata during growth in culture (10) . However, there is no system available for classical genetic analysis of any trypanosomatid protozoan and there are no selectable vectors available for the application of recombinant techniques for gene manipulation in these organisms. The possibility of developing such a vector is demonstrated by the discovery of two endogenous extrachromosomal multicopy plasmids, one of which contains the dihydrofolate reductase gene, in methotrexate-resistant Leishmania tropica (11) .
We have approached this problem by constructing various pBR322-based plasmids containing the bacterial aminoglycoside 3' phosphotransferase I (NeoD) genes as eukaryotic selectable markers (12) (13) (14) and a sequence known to function as an autonomously replicating sequence (ARS) in yeast (15) and have attempted to transform C. fasciculata cells by several methods. We report in this paper the successful introduction of DNA into Crithidia with one such plasmid construct.
MATERIALS AND METHODS Cell Culture. The clonal strain of C. fasciculata maintained in our laboratory for 15 years was cultured in Kidder-Dutta (KD) defined medium (16) (Fig. 2A, lanes  2 and 4) . These band sizes correspond to the expected fragments generated by digestion of circular pDK96 with the same enzymes.
A single 4.0-kb band hybridized to the mixed probe in Southern blots of EcoRI-digested total cell DNA from dot blot-positive resistant colonies obtained in experiments 10, 11, 12, and 13 ( Fig. 1B ) that would hybridize to both pBR322 sequences and a singlecopy fragment from Crithidia nuclear DNA. An example of this method for determining copy number is shown in Fig. 2C , lanes 1 and 2. EcoRI-digested genomic DNA from XIR28 and XR2 cells was probed with 32P-labeled pDSC6 DNA. The 6.6-kb band represents hybridization of the nuclear DNA fragment in pDSC6 to the corresponding single-copy fragment released from nuclear DNA. Densitometric analysis of the autoradiograph indicated that the 4.0-kb pBR322-positive band in XIR28 is present at 1 copy per cell, whereas the same band in XR2 is present at -160 copies per cell. Vector Sequences Are Maintained on an Extrachromosomal Plasmid. To test for the presence of extrachromosomal plasmid DNA in the resistant cells, aliquots of total cell DNA were used to transform E. coli to ampicillin resistance. Transformation of E. coli with IR4 DNA yielded 20 Ampr colonies, 10 of which were tested for the presence of vector DNA by Southern blots. Five of these E. coli colonies contained a 9.8-kb plasmid and 5 contained a 4.0-kb plasmid ( Table 2) , both of which contained sequences homologous to pDK96. Restriction enzyme analysis of the 9.8-kb plasmid revealed it to be similar to pDK96 (data not shown).
In all other cases (XR2, XR30, XIR28, XIIR19, XIIR21, XIIR118, XIIIR78), only a 4.0-kb plasmid was recovered ( Table 2 ). The number of E. coli Ampr colonies was proportional to the hybridization intensity of the 4.0-kb band when the digested total cell DNA was probed with vector sequences (Table 2 ). When undigested total DNA from XR2 and XR30 was probed with vector sequences in a Southern blot analysis, two bands hybridized, suggesting the presence of closed circular and relaxed forms of an extrachromosomal circular molecule (Fig. 2B, lanes 1 and 3) . Furthermore, the component of cellular DNA that hybridized with vector sequences comigrated with the upper and lower bands in a CsCl/ethidium bromide equilibrium gradient, again implying an extrachromosomal localization (data not shown).
The 4-kb Plasmid Contains Sequences from pDK96 and Crithidia Nuclear DNA and Lacks the Maxicircle ARS. To further characterize the 4.0-kb molecule obtained from the majority of Crithidia transformants, a partial restriction map was constructed of the plasmid pXR30 recovered from XR30 Crithidia cells (Fig. 3) . The 4.0-kb plasmids recovered from three other independent Crithidia transformants exhibited similar restriction maps. A blot hybridization of digested pXR30 DNA with specific fragments of the original transforming plasmid, pDK96 (Fig. 3 ), showed homology with probes specific for the Neor, ADH1, and pBR322 sequences but a lack of homology with the LtARS2 sequence. A region of -1.5 kb of the pXR30 molecule exhibited no homology to the pDK96 sequences. The pXR30 plasmid was unable to confer resistance to G418 to either E. coli or yeast.
To test for a possible nuclear DNA origin of the nonhomologous 1.5-kb region, pXR30 DNA was radioactively labeled and used to probe genomic DNA digests of wt Crithidia (Fig. 4) . Hybridization to a small number of bands released by each enzyme digest suggested that the pXR30 DNA contains a genomic sequence that is present at a low copy number in wt cells. Three of four 4.0-kb plasmids obtained from independent transformations hybridized to the same genomic bands as pXR30 (data not shown).
The pXR30 Plasmid Is Capable of Transfecting Crithidia but Is Less Efficient than pDK96. pXR30 plasmid DNA was used to transform wt Crithidia by the standard PEG method. Of five independent experiments (-500 paromomycin-resistant colonies), only 1 colony contained vector sequences by dot blot hybridization, and quantitation of a genomic DNA blot indicated that the vector sequence was present at a single copy per cell. The restriction map of a plasmid recovered from these cells by transformation of E. coli was identical to that of pXR30. gave rise to a smaller modified plasmid in which, in all cases tested, the maxicircle ARS sequence had been deleted and an -1.5-kb nuclear sequence inserted. The deleted plasmid replicated extrachromosomally, yielding from 1 to 160 copies per cell, but was unstable even under selective pressure and was lost within 20-30 cell divisions. One deleted plasmid, pXR30, still contained Neor sequences but was no longer active in the expression of G418 resistance in bacteria or yeast, possibly due to a rearrangement or deletion within the Neor gene region (data not shown). However, the pXR30 plasmid could be introduced into and recovered from wt Crithidia cells, although at a lower frequency than the pDK96 plasmid, suggesting that the deleted plasmid is able to replicate autonomously for a transient period independent of selection. It has not been established that the Neor gene is being expressed once the plasmid has entered the Crithidia cell. There was an increase in the appearance of paromomycinresistant colonies after treatment with pDK96 DNA, but only a small fraction of these colonies actually contained detectable vector DNA at the time ofisolation. It is possible that the Neor gene is transiently expressed prior to the apparently specific recombination and rearrangement of the pDK96 plasmid, giving rise to the increase in frequency of resistant colonies. Alternatively, recombination between pDK96 and the nuclear DNA may have occurred at random sites, and those plasmids that acquired a nuclear origin of replication may have been selectively replicated for a transient period independent of Neor expression and were detectable in a small percentage of spontaneous resistant colonies. A more useful vector may require a homologous Crithidia promoter to allow expression of the Neor gene and a homologous centromeric sequence to increase the mitotic stability of the plasmid.
The successful introduction of DNA into Crithidia was obtained in five independent experiments performed over a period of 8 months, but we were unable to reproduce this phenomenon thereafter. The reason for this lack of reproducibility is unknown but could be due to some uncontrolled variation in the reagents or procedures. Nevertheless, it is clear that foreign plasmid DNA can enter and replicate extrachromosomally within a trypanosomatid protozoan, a finding that may open the door for the development of a usable selectable vector system for the manipulation of genes in this important family of lower eukaryotic cells.
